Objective: The purpose of this systematic review was to compare the efficacy of single-visit pulpectomy (SVP) vs multiple-visit pulpectomy (MVP) in infected primary teeth. Materials and methods: An extensive literature search in the English language was conducted in PICO format using MeSH terms using databases (PubMed, EBSCO, Ovid, and Cochrane) and pre-specified inclusion and exclusion criteria were applied to identify relevant studies comparing pulpectomy in single and multiple visits. Results: Only 4 studies (3-in vivo clinical study; 1-in vivo microbial study) sustained the final analysis and were included for critical appraisal. Results of the systematic search revealed that there are only a few studies comparing the efficacy of single-visit pulpectomy vs multiple-visit pulpectomy in infected primary teeth. Conclusion: On the basis of the available studies, evidence favors the SVP protocol over the MVP protocol. Whenever possible the single-visit protocol can be preferred over the multiple-visit protocol. The quality of evidence available is low.
IntroductIon
Pulpectomy is a regular clinical procedure in pediatric dentistry, which involves removal of infected dental pulp and suitable medicament could be used to fill the canals. The key indications for pulpectomy are irreversible pulpitis and necrosis of the dental pulp. Mechanical removal of complete necrotic tissue debris from root canal of a primary tooth followed by copious cleaning and irrigation with disinfecting agents, and the chemo-mechanically prepared root canal is filled with suitable obturating material with coronal seal is called pulpectomy. 1 Nonetheless, successful pulpectomy in primary teeth is characterized by the absence of signs and symptoms clinically and radiographically. Moreover, tooth status, its pathological condition and clinician expertise are the key factors for the success of pulpectomy in primary teeth. Figini et al., reported that, there is no significant difference between single-visit and a multiple-visit root canal treatment in the terms of clinical and radiographic success in permanent teeth. 2 A most recent meta-analysis on nonsurgical single-visit vs a multiple-visit endodontic treatment in permanent teeth showed that, postoperative complications of both the procedures similar. Furthermore, neither single-visit nor a multiple-visit endodontic treatment had shown superior results in terms of healing or success rate in permanent teeth. 3 In contrast some authors 4, 5 opined that single-visit endodontic therapy is better than a multiple-visit in terms of clinical and radiographic success. Most of the pediatric dentists prefer to perform a multiple visit pulpectomy to ensure thorough serialization of root canals prior to obturation. 6 Multiple visit pulpectomy (MVP) involves extirpation of the pulp tissue and placement of intra-canal medicament in the first visit followed by obturation in the subsequent visit, if the underlying pathology still persists it may require additional visits. Singlevisit pulpectomy (SVP) involves extirpation of pulp and filing the canals short of the apex to a resistance point, after irrigation and final drying obturating material will be placed in same visit. [4] [5] [6] However, there is no evidence to support that weather singlevisit or a multiple-visit pulpectomy treatment in primary teeth. Furthermore there is need to evaluate the studies published on single and multiple visit pulpectomy in primary teeth. Hence, the aim of the present study was to clarify whether performing pulpectomy in the primary tooth in a single visit or in multiple visits, makes any difference in term of efficacy or complications or both, based on the available literature.
Inclusion Criteria
Human in vitro , in vivo , and ex vivo studies published from January 1981 to January 2019 that compared both single and multiple-visit pulpectomy in primary teeth were included. Randomized control trials, quasi-randomized control trials, case reports, and systematic reviews were included. Studies published in English language were included for assessment.
Exclusion Criteria
Animal studies, studies on permanent teeth, narrative reviews, conference papers, letters to the editor, retrospective studies, and studies considering either single visit or multiple visit alone in primary dentition are excluded, studies published in languages other than English.
The titles and abstracts of all reports identified through the electronic searches were evaluated independently by authors. Studies that appear to meet inclusion criteria and studies with insufficient or partial information at the title and abstract stage were included for a full-text review in four databases separately (PubMed, Cochrane, Ovid SP, and EBSCOhost). Duplicates were excluded.
Final articles that meet the requirement were included for quality appraisal; outcome assessment and critical appraisal was carried out for these selected articles. Variables that are used for outcome measurement/assessment such as clinical success and failure, radiographic success and failure, and post-operative pain (if any) were taken for evaluation. The systematic review was reported adhering to the Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMAP) statement 7 (Flowchart 1).
results
PICO search revealed a total of 137 titles from four data bases along with 2 from hand search. At preliminary level 13 duplicates were excluded. A total of 113 articles were excluded at the title and abstract stage. Most common reasons for exclusion were studies on permanent teeth and studies that follow only the SVP or MVP protocol. Totally, 13 articles were included for a full-text review (without exclusion of duplicates). Among these, 9 articles were excluded after going through full texts, and only 4 articles [8] [9] [10] [11] were available for final analysis ( Table 2 ). All these four articles performed both single-visit and multiple-visit pulpectomy protocol in the same study. Studies with only SVP in primary dentition 12 -18 and studies with only MVP in primary dentition 19 , 20 were excluded from this systematic search. Among the finally available studies, three from India, 8, 10, 11 were in vivo studies and one from Brazil was in vivo study with microbiological evaluation. 9 In the in vivo study from India, 8 40 carious involved primary molars with no sign of abnormal mobility, swelling, or sinus tract formation, and requiring pulpectomy were randomly divided into two groups (group I: SVP, group II: MVP). In the SVP group after access opening, biomechanical preparation was carried out and irrigation was done with 2.5% sodium hypochlorite. Access cavities were sealed with a silver amalgam/glass ionomer cement after obturation in the same visit. In the MVP group, access was gained and after biomechanical preparation, root canals were dried and filled with calcium hydroxide powder mixed with normal saline and access cavities were sealed with temporary cement. After 7 days, calcium hydroxide dressing was removed with reamers and normal saline as irrigant. The root canals were dried using absorbent paper points and obturated with zinc oxide eugenol cement using engine-driven lentulo-spirals. Access cavities were sealed with silver amalgam/glass ionomer cement. Clinical and radiographic evaluation was carried out after 1-week, 3-weeks' and 6 months' interval using the Gutmann criteria. 12 At 1 week, in a follow-up of two patients (2 out of 20) reported with pain in the SVP group and MVP group, all children were asymptomatic. One patient in the SVP group reported development of intraoral sinus tract after one month; therefore this patient was shifted from SVP to MVP group and recorded as failure. At three months follow-up, all patients in both groups were asymptomatic (19 of 19 in the SVP group and 20 of 20 in the MVP group). After six months, one patient from each group was not reported and hence were excluded from the analysis. So at six months follow-up, all were asymptomatic in both groups.
There was no significant difference in the failure rates between SVP and MVP group after six months' study period (p value-0.99).
In an in vivo study by Triches et al., 9 24 root canals of eight multiradicular primary teeth (with 3 canals each one) with pulp necrosis and periradicular lesion that are indicated for pulpectomy were randomly divided into two groups (n = 12): the SVP group and the MVP group. Single-visit protocol (SVP): root canals were emptied and cleaned using only two large-caliber files, following the first one, and irrigation with 0.5% NaOCl buffered with sodium bicarbonate and endo-c-prep (10% urea peroxide,15% Tween 80 and 75% Carbowax). Final irrigation was performed with Tergensol. Root canal filling was performed with an iodoform paste. Multiple-visit protocol (MVP): this protocol was performed in three visits, starting with a previous medication with diluted formocresol (1:5) for 7 days, to neutralize the septic content of the root canal. Emptying and shaping of the canals were performed in the second appointment, using endodontic files up to a size of 35 or 40 and irrigation with 1% sodium hypochlorite. Third appointment consisted of root canal filling with zinc oxide and eugenol cement. After access opening and before starting SVP or MVP, microbial samples were collected from all the root canals using three #15 size sterile paper points and these were transferred to eppendorf tubes containing 0.15 mL of buffer solution (pH 7.6). One-hundred milliliters of 0.5 M NaOH was added to each tube and the samples were dispersed using a vortex mixer. Evaluation was performed using checkerboard DNA-DNA hybridization for the identification of 40 different bacteria. This first sampling was aimed to determine the initial microbial profile. After SVP and MVP protocol, a similar bacterial analysis is carried out using checkerboard DNA-DNA hybridization. Comparison of microbial reduction between protocols revealed that there was a greater microbial reduction of mean scoring in the SVP group when compared to the MVP group, with a statistically significant difference between groups (p = 0.024). 9 Bharuka and Mandroli 10 performed a prospective double-blind parallel randomized clinical trial. The authors compared the clinical and radiographic outcome between SVP and MVP in primary teeth with apical periodontitis in 64 children (32 SVP and 32 MVP) . This study reported that there was no significant differences among the study groups at a 6-month follow-up period clinically and radiographically. They have concluded that SVP is better than MVP in carious primary teeth with apical periodontitis.
Sevekar and Gowda 11 conducted an in vivo prospective randomized clinical trial and authors compared a postoperative flare-up and pain incidence between SVP and MVP in primary molars. An estimated 80 children with 80 primary molars were distributed equally to study groups. Four cases in both the groups were reported post-operative pain (10%) at one day recall. One flare-up (2.5%) was noted in each group, p = 0.67. None of the patients reported pain at the one week and one month follow-up. Postoperative pain was documented in five non-vital teeth (13.5%) and three vital teeth (6.9%). However, it was statistically not significant (p > 0.05). There were no differences between SVP and MVP protocols with respect to the incidence of postoperative pain. Moreover, no significant correlation found between the incidence of postoperative pain and pulp vitality.
So in these earlier-mentioned studies, two studies evaluated clinical and radiographic success between two protocols (SVP and MVP) and other study evaluated the microbial content reduction between two groups. Other studies evaluated post-operative pain and flare-ups between SVP and MVP ( Table 3) .
rIsk o f bIAs
The Cochrane Collaboration's tool was used for assessing the risk of bias. 7 Risk of bias is unclear in the study by Singla et al., 8 as there is insufficient information about allocation concealment and blinding of personnel and blinding of clinical and radiological outcome assessment. However, outcome data was clear. Risk of bias is unclear in the study by Triches et al., 9 as there is insufficient information about allocation concealment. As it is an in vivo bacterial study, blinding of personnel and blinding of clinical and radiological outcome assessment is not applicable in this situation. In a study by Sevekar, the risk of bias is unclear. 11 The risk of bias is low in the study by Bharuka and Mandroli as allocation concealment was done. 10 On the basis of the available studies for this review, bias is unclear to high. The quality of the existing studies is low to moderate follow-up only for 6 months; 8 another study is an in vivo microbial study that tested only microbial content reduction and it did not evaluate clinical or radiographic success, and the results may or may not have validity in clinical situations. The details of the risk of bias for finally available studies were shown in Table 4 .
dIscussIon
The primary objective of performing pulpectomy in an infected primary teeth is to eliminate microorganisms and prevent reinfection, thereby creating a favorable environment for healing of periradicular tissues and reducing the pain and discomfort to the child. Elimination of microorganisms from root canal is achieved by cleaning and shaping, which could be carried out with two protocols (SVP and MVP). Prevention of reinfection is achieved by proper threedimensional obturation of primary root canals by either techniques. Many studies proved that even after proper and thorough cleaning and shaping of root canal, it is impossible to achieve bacteria-free primary root canal system. 13 The main hypothesis behind MVP is that inter appointment dressing has the ability to reduce microbial load in primary teeth 12 and in permanent teeth, 14 -28 but some studies in permanent dentition have shown that calcium hydroxide fails to produce sterile root canals and even allows regrowth in some cases. 18 , 19 Similar results in primary dentition were obtained. 20 Following root canal dressing, the prevalence of microorganisms inside the root canal did not change; however, there was a decrease in the number of bacteria. 20 Even if inter-appointment dressing could reduce the microbial load, i.e. (negative microbial culture) it does not guarantee healing in all cases. There is no significant association between negative microbial culture and healing rates success in root canal of both primary and permanent teeth. 21 -23 Few studies in permanent dentition reported MVP without intracanal medicament in the inter-appointment period 22 , 24 -26 and MVP with intracanal medicament was reported by few authors. 22 , 27 -29 MVP in primary dentition was favored by few authors. 30 -39 Advantages of SVP in primary teeth are that its procedural steps are simple and it aims at cleaning of root canals. In contrast, MVP protocol in primary teeth needs 3-4 visits to perform, each visit involves anesthesia, absolute isolation, and temporary crown sealing, which can be lost between visits and MVP consumes more time. Less visits and minimal radiation exposures are added benefits of SVP and SVP in primary teeth was favored by few authors. 6 -11 , 40 -44 Both SVP and MVP are carried out in one study. 6 In the final included studies, 8 -11 selection of subjects were based on their age (mean age of 6) and status of dentition. In both studies, multirooted primary teeth were selected. Singla et al., 8 selected patients that presented with dental carious involving pulp, showing no sign of abnormal mobility, swelling or sinus tract formation, and requiring pulpectomy. Duration between the first and subsequent appointments were not mentioned for MVP in other two studies. 10, 11 The number of canals were taken into consideration in Triches study but the number of tooth were considered in all the other studies. Sample size calculation was mentioned in two studies. 9 , 11 However, sample size calculation was not mentioned in the other two studies. 8 , 10 Singla et al. 8 observed no significant difference between clinical and radiographic success rates between SVP and MVP protocol (p > 0.05). Brazilian study 9 indicate that there is a significant reduction in the bacterial load in the teeth that treated with SVP protocol when compared with MVP group and the results were statistically significant (p < 0.05). Whilst, Bharuka and Mandroli 10 there was no statistically significant difference in clinical and radiographic outcomes between the SVP and MVP group (p value-0.66). Similarly Sewekar and Gowda 11 also indicate that there is no significant difference in the post-operative pain and flare ups between SVP and MVP group (p > 0.05).
In the SVP group, after access opening irrigation was performed using sodium-hypochloride-based irrigants in both the studies. One study used 1% sodium hypochlorite as irrigant. 10 Two studies used 2.5% sodium hypochlorite 8 , 11 as irrigant, whereas the other used 0.5% NaOCl buffered with sodium bicarbonate and endo-cprep. 8 Sevekar and Gowda used 3% sodium hypochlorite followed by saline as irrigant. 10 In the MVP group, interappointment duration was similar for two studies (7 days) 8 , 9 and other two studies did not specify an interappointment duration. 10 , 11 However, MVP protocol differed in all the studies. In the study by Sevekar and Gowda, 11 two-visit protocol was used, with formocresol as inter-appointment medicament. Two-visit protocol was also followed in two studies using calcium hydroxide as interappointment dressing. 8 , 10 But three-visit protocol was adopted in other studies and they did not mention the exact inter appointment dressing. 9 In three studies, inter-appointment 8 In vivo
To determine clinical success rate of single visit verses multiple visit root canal treatment in cariously exposed vital primary molars.
Multiple visit and single visit root canal treatment demonstrated almost equal success
Triches et al. 9 In vitro To determine the efficacy of chemical-mechanical procedures of two endodontic protocols for septic content reduction of root canals from primary teeth with pulp necrosis and periradicular lesion Single visit protocol showed greater efficacy in reducing endodontic infection
Bharuka and Mandroli 10
In vivo To compare and evaluate the clinical and radiographic outcome of single-vs two-visit pulpectomy treatment in primary teeth with apical periodontitis at the end of 6-month healing period.
Single-visit pulpectomy can be considered as a viable option for the treatment of primary teeth with apical periodontitis
Sevekar and Gowda 11

In vivo
To compare the incidence and intensity of postoperative pain and flare-ups between single-and multiple visit pulpectomy in primary molars.
Majority of patients in both groups reported no pain or only minimal pain within 24 hours of treatment.
To correlate the preoperative status of the pulp to postoperative pain and flare-ups
No differences between single-and multi visit treatment protocols with respect to the incidence of postoperative pain.
dressing was given in the first visit after bio-mechanical preparation of root canal was accomplished; 8 , 10 , 11 however, other study used interappointment dressing initially in the first visit followed by bio-mechanical preparation in the second visit. 9 Post-operative pain and flare-ups were evaluated in the study by Sevekar and Gowda. 11 Clinical and radiographic success rates were evaluated in two studies. 8 , 10 Success and failure rates of this study can be due to a variety of factors such as the protocol used, the type of irrigant used, and also the obturating material used. Other studies were aimed at evaluating microbial load reduction between two protocols (SVP and MVP). The efficacy of protocols in this study is not dependent on the obturation material used. The role of obturation materials in the both studies cannot be compared because one study aimed at evaluating clinical and radiographic success rates and other study evaluated the microbial load reduction after these two protocols. When compared to the MVP protocol, where there was no clinical and radiographic failure rates (0/19), the SVP protocol in Singla et al., study revealed only one failure out of 19 subjects at 6 months (1/19) owing to the development of intra oral sinus tract, which was later treated by MVP protocol. So the difference in the failure rates were not statistically significant. In a study, SVP protocol outperformed MVP protocol in bacterial load reduction. 9 In an Indian study, clinical and radiographic success were evaluated after 1 week, 1 month, 3 months, and six months. 9 In another study, follow-up evaluation is not applicable. 9 One was dropped out in the SVP and one was dropped out in the MVP group in Singla's study. In Triches' study, primary root canals with pulp necrosis and periradicular lesion were divided into two treatment groups (SVP and MVP); they reported that SVP resulted in better reduction of bacterial load when compared to MVP, which was statistically significant. Sevekar and Gowda also favored the SVP protocol as there is no difference in postoperative flare-ups and pain in both SVP and MVP groups. Singla and Bharuka, on the basis of their in vivo study findings, reported that there is no significant difference between SVP and MVP in terms of clinical and radiographic success for six months in primary dentition. 8 , 10 Studies in permanent teeth reveal that irrespective of the condition of tooth, there is no significant difference in the healing and success rates between single-visit root canal treatment and multiple-visit root canal treatment. 23 , 45 , 46 There is no significant difference in the post-operative complications between two groups; 47 therefore, single-visit root canal treatment is efficacious and can be preferred over multiple-visit root canal treatment in permanent teeth. On the basis of the available studies for primary teeth, we can favor the SVP protocol over the MVP protocol in primary carious molars requiring pulpectomy. conclusIon However, more evidence is required to choose SVP or MVP protocol to perform pulpectomy in primary teeth. SVP may be recommend for the pulpectomy in primary teeth over MVP protocol may due to MVP takes more visits with addition pain management and radiation exposures. A well-planned randomized control trial with an adequate sample size comparing single-visit pulpectomy and multiple-visit pulpectomy in primary teeth with a proper follow up for adequate time (12-18 months) is required. Evaluating short-term and long-term complications of both protocols would contribute to confidently apply their results in clinical practice.
Why this paper is important to pediatric dentists:
• Single-visit pulpectomy is cost effective for both patients and pediatric dentists. • No need of repeated local anesthesia administration in the SVP protocol. • Reduced mechanical (rubber dam isolation, repeated filing) and chemical trauma (chemical irrigants) to the primary dentition in the SVP protocol.
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